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Acylated Cyclodextrin : Guest Molecule Inclusion Complexes 
Field of Invention 

This invention relates to a novel process for the preparation of inclusion 
complexes comprising acylated cyclodextrin host molecules and guest molecules, a 
novel process for the preparation of carrier polymer and acylated cyclodextrinrguest 
molecule inclusion complex composites by melt compounding, novel inclusion 
complexes comprising acylated cyclodextrins host molecules and guest molecules, 
novel composites comprising a carrier polymer and an acylated cyclodextrimguest 
molecule inclusion complex, shaped articles comprising a carrier polymer and an 
acylated cyclodextrimguest molecule inclusion complex capable of the sustained 
release of guest molecules, and medical devices comprising a carrier polymer and an 
acylated cyclodextrinrpharmaceutical active inclusion complex capable of the sustained 
release of guest molecules. 



BACKOROT Tivn 

Cyclodextrins (CDs) are cyclic oligomers of glucose which typically contain 6, 
7, or 8 glucose monomers joined by a-1,4 linkages. These oligomers are commonly 
called a-CD, P-CD, and y-CD, respectively. Higher oligomers containing up to 12 
glucose monomers are known but their preparation is more difficult. Each glucose unit 
has three hydroxyls available at the 2, 3, and 6 positions. Hence, a-CD has 18 
hydroxyls or 18 substitution sites available and can have a maximum degree of 
substitution (DS) of 18. Similarly, (3-CD and y-CD have a maximum DS of 21 and 24 
respectively. The DS is often expressed as the average DS, which is the number of 
substituents divided by the number of glucose monomers in the cyclodextrin. For 
example, a fully acylated p-CD would have a DS of 21 or an average DS of 3. In terms 
of nomenclature, this derivative is named he P takis(2,3,6-tri-0-acetyl)-p- C yclodextrin 
which is typically shortened to triacetyl-P-cyclodextrin. 



The production of CD involves first treating starch with an a-amylase to 
partially lower the molecular weight of the starch followed by treatment with an 
enzyme known as cyclodextrin glucosyl transferase wh.ch forms the cyclic structure 
By conducting the reaction in the presence of selected organic compounds, eg. toluene, 
5 crystalline CD complexes are formed which facilitate isolation of CD with 
predetermined ring size. 

Topological^, CD can be represented as a toroid in which the primary 
hydroxyls are located on the smaller circumference and the secondary hydroxyls are 
1 0 located on the larger circumference. Because of this arrangement, the interior of the 
torus is hydrophobic while the exterior is sufficiently hydrophilic to allow the CD to be 
dissolved in water. This difference between the interior and exterior faces allows the 
CD or selected CD derivatives to act as a host molecule and to form inclusion 
complexes with hydrophobic guest molecules provided the guest molecule is of the 
proper size to fit in the cavity. The CD inclusion complex can then be dissolved in 
water thereby providing for the introduction of insoluble or sparingly soluble guest 
molecule into an aqueous environment. This property makes CDs and water soluble CD 
denva tl ves particularly useful in the pharmaceutical, cosmetic, and food industries 
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Recently, there has been some interest in the development of CD derivatives 
which could serve as host molecules for hydrophilic guest molecules. The primary 
interest has been for the sustained release of water soluble drugs. Acylated 
cyclodextrin derivatives, such as heptakis(2,3,6-tri-0-acetyl)-p- C ycl ode xtrin (Uekama 
et al., J. Pharm. Pharmacol. 1994, 46, 714-717), have been proposed as CD derivative 
25 host molecules. 

In yet another study (Chen, Pharm. Bull. 1995, 43, 130-136), Uekama et al 
reported on the preparation and characterization of acylated- P -CDs as a sustained 
release carrier of different water soluble drugs. The drugs investigated were 
30 molsidomine, isosorbide dimtrate, propranolol hydrochloride, and salbutamol sulfate 



10 



15 



20 



In still yet another study (Pharm. Sci. 1996, 2, 533-536), Uekama et al., investigated the 
controlled release of diltiazem from a combination of short and long chain acylated-P- 

CDs in dogs. 

U.S. Patent No. 5,904,929, to Uekama et al., discloses that a sheet-like or film- 
like pharmaceutical composition for transmucosal or transdermal administration can be 
prepared by adding a solution or suspension of C2-C18 acylated cyclodextrins and a 
drug in an organic solvent onto a backing membrane selected from aluminum foil, 
polyethylene terephthalate film, or polystyrene film followed by solvent removal. ' 
Various drugs are disclosed in this reference, and the preferred peracylated 
cyclodextrins are the C4-C6 peracylated-p-CD. 

SUMMARY OF INVENTION 
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The present invention is directed to a method of making an inclusion compk 
comprising an acylated cyclodextrin host molecule and a guest molecule, wherein the 
method comprises the steps of: ^contacting the acylated cyclodextrin host molecule 
and the guest molecule to form an inclusion complex; and b) precipitating the inclusion 
complex in an aqueous medium. 

The present invention is further directed to an inclusion complex comprising an 
acylated cyclodextrin host molecule and a guest molecule, wherein the guest molecule 
comprises from about 5 % (wt.) to about 15 % (wt.) of the inclusion complex. 

25 The present invention is in other embodiments related to various inclusion 

complexes. 

Moreover, the present invention relates to a composition comprising a polymer 
and an inclu S1 on complex, wherein the inclusion complex comprises an acylated 



cyclodextrin host molecule and a guest molecule. In addition the invention is directed 
at composites and articles comprising such a composition. 

The present invention also is related to a method of making a composition 
5 comprising a polymer and an inclusion complex comprised of an acylated cyclodextrin 
host molecule and a guest molecule, wherein the method comprises: a) contacting the 
polymer, the acylated cyclodextrin host molecule and the guest molecule to form a 
polymer/inclusion complex mixture; and b) precipitating the mixture in an aqueous 
medium. 

10 

Additionally, the present invention is related to a method of making a 
composition comprising a polymer and an inclusion complex comprised of an acylated 
cyclodextrin host molecule and a guest molecule, wherein the method comprises: a) 
contacting the polymer, the acylated cyclodextrin host molecule and the guest molecule 
1 5 to form a mixture; and b) melt compounding the mixture to form the composition 
comprising the polymer and the inclusion complex. 

The present invention is further related to a method of making a composition 
comprising a polymer and an inclusion complex comprised of an acylated cyclodextrin 
20 host molecule and a guest molecule, wherein the method comprises: a) contacting the 
acylated cyclodextrin host molecule and the guest molecule to form an inclusion 
complex; b) precipitating the inclusion complex in an aqueous medium; c) purifying the 
inclusion complex to substantially remove the water and any organic solvent; d) 
contacting the polymer with the purified inclusion complex to form a mixture; and e) 
melt compounding the mixture to form the composition comprising the polymer and the 
inclusion complex 

Furthermore, the present invention relates to a medical device or a solid 
pharmaceutical composition comprising a polymer and an inclusion complex, wherein 
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the inclusion complex comprises an acylated cyclodextrin host molecule and a 
pharmaceutical active guest molecule. 

The present invention also relates to a method of making a solid pharmaceutical 
composition comprising a polymer and an inclusion complex, wherein the inclusion 
complex comprises an acylated cyclodextrin host molecule and a pharmaceutical active 
guest molecule, wherein the method comprises: 

a) contacting the acylated cyclodextrin host molecule and the pharmaceutical active 
guest molecule to form an inclusion complex; b) precipitating the inclusion complex in 
an aqueous medium; c) purifying the inclusion complex to substantially remove the 
water and any organic solvent; d) contacting the polymer with the purified inclusion 
complex to form a mixture; and e) melt compounding the mixture to form the 
composition comprising the polymer and the inclusion complex. 
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Additional advantages of the invention will be set forth in part in the descript 
which follows, and in part will be obvious from the description, or may be learned by 
practice of the invention. The advantages of the invention will be realized and attained 
by means of the elements and combinations particularly pointed out in the appended 
claims. It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory only and are not 
restrictive of the invention, as claimed. 



The accompanying drawings, which are incorporated in and constitute a part of 
this specification, illustrate several embodiments of the invention and together with the 
25 description, serve to explain the principles of the invention. 



BRIEF D FSCRTPTTON OF THF D RAWINns 

30 Figure 1 provides the chemical structure of Prostaglandin E, (PGE,). 

Figure 2 shows the degradation processes of PGEi 



Figure 3 provides the chemical structure of isosorbide 5-mononitrate (5-ISMN). 
Figure 4 shows the TGA spectrum of an triacetyl-p-CD:Nitroglycerin (NG) 
complex and a lactose:NG physical mixture. 

Figure 5 shows the EGD spectrum of an triacetyl-p-CD :NG complex and a 
lactose:NG physical mixture. 

Figure 6 shows the release profile of NG from a triacetyl-p-CD:NG complex. 
Figure 7 shows the TGA spectrum of triacetyl-p-CD in which 10% weight loss 
is not observed until 372 °C. 

Figure 8 shows the TGA spectrum of triacetyl-p-CD in which the sample was 
held at 300 °C for 35 minutes. 

Figure 9 shows the TGA spectra of (a) triacetyl-P-CD:NG complex, (b) 
poly(ethylene-co-vinyl acetate), and (c) a composite of poly(ethylene-co-vinyl acetate) 
- triacetyl-P-CD:NG complex. 

Figure 10 shows the DSC spectra of (A) a triacetyl-a-CD:5-ISMN complex, (B) 
a mechanical mixture of triacetyl-a-CD with 5-ISMN, (C) 5-ISMN, and (D) triacetyl- 
a-CD. 

Figure 1 1 shows the comparison of the release of 5-ISMN from triacetyl-cc- 
CD:5-ISMN and triacetyl-P-CD:5-ISMN inclusion complexes. 

Figure 12 shows the TGA spectra of (a) sandawood, (b) triacetyl-P-CD, and (c) 
a triacetyl-p-CD:sandawood complex. 

Figure 13 shows the TGA spectra of (a) Douglas fir, (b) triacetyl-P-CD, and (c) 
a triacetyl-p-CD:Douglas fir complex. 

Figure 1 4 shows the TGA spectra of films containing (a) cellulose acetate/20 
wt% DEP, (b) cellulose acetate/20 wt% DEP + 10 wt% triacetyl-p-CD, and (c) 
cellulose acetate/20 wt% DEP + 10 wt% triacetyl-P-CD:sandawood complex. 

DETAILED DESCRIPTION 



The present invention may be understood more readily by reference to the 
following detailed description of preferred embodiments of the invention and the 



Examples included therein and to the Figures and their previous and following 
description. 

Before the present compounds, compositions, articles, devices, and/or methods 
are disclosed and described, it is to be understood that this invention is not limited to 
specific synthetic methods, as such may, of course, vary. It is also to be understood 
that the terminology used herein is for the purpose of describing particular 
embodiments only and is not intended to be limiting. 

As used in the specification and the appended claims, the singular forms "a," 
"an" and "the" include plural referents unless the context clearly dictates otherwise. 
Thus, for example, reference to "an acyl" includes mixtures of acyl groups, reference to 
"a polymer carrier" includes mixtures of two or more such carriers, and the like. 

Ranges may be expressed herein as from "about" one particular value, and/or to 
"about" another particular value. When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other particular value. Similarly, 
when values are expressed as approximations, by use of the antecedent "about," it will 
be understood that the particular value forms another embodiment. It will be further 
understood that the endpoints of each of the ranges are significant both in relation to the 
other endpoint, and independently of the other endpoint. 

In this specification and in the claims which follow, reference will be made to a 
number of terms which shall be defined to have the following meanings: 

References in the specification and concluding claims to parts by weight, of a 
particular element or component in a composition or article, denotes the weight 
relationship between the element or component and any other elements or components 
in the composition or article for which a part by weight is expressed. Thus, in a 
compound containing 2 parts by weight of component X and 5 parts by weight 
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component Y, X and Y are present at a weight ratio of 2:5, and are present in such ratio 
regardless of whether additional components are contained in the compound. 

A weight percent of a component, unless specifically stated to the contrary, is 
based on the total weight of the formulation or composition in which the component is 
included. 



By the term "effective amount" of a compound or property as provided herein is 
meant such amount as is capable of performing the function of the compound or 
property for which an effective amount is expressed. The exact amount required will 
vary from process to process, depending on recognized variables such as the 
compounds employed and the processing conditions observed. Thus, it is not possible 
to specify an exact "effective amount." However, an appropriate effective amount may 
be determined by one of ordinary skill in the art using only routine experimentation. 



By "pharmaceutically acceptable" is meant a material that is not biologically or 
otherwise undesirable, i.e., the material may be administered to an individual without 
causing any undesirable biological effects or interacting in a deleterious manner with 
any of the other components of the pharmaceutical composition in which it is 
20 contained. 



one or 



By "inclusion complex" is meant a complex or an association between , 
more acylated cylodextrin host molecules and one or more guest molecules. That is, the 
guest molecule may form a complex with the acylated cyclodextrin host molecule by 

25 fitting into the cavity of the host. The guest molecule may also form a complex with the 
acylated cyclodextrin host molecule through association with the outer lip of the cavity 
or face of the acylated cyclodextrin. Additionally, two or more cyclodextrins, 
depending upon the molar ratio of guest and host molecules, may form an assembled 
structure around the guest molecule through association of the faces of the acylated 

30 cyclodextrins with the guest molecule. 
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In the practice of this invention, the useful CDs include those containing from 
6-12 unsubstituted glucose monomers and those containing substituents which have a 
hydroxyl functionality. The preferred unsubstituted cyclodextrins include the a-, P - 
' and y-CDs described above. The preferred derivatized CDs containing a hydroxyl ' 
functionality include hydroxypropyl CDs, hydroxyethyl CDs, hydroxybutenyl CDs and 
sulfobutyl CDs. 

Regarding the degree of substitution, the preferred level of substitution is when 
from about 8 0 o/„ to about 100% of the available hydroxyl groups are acylated. More 
preferred is when from about 90% to about 100% of the available hydroxyl groups are 
substituted. Most preferred is when about 100% of the available hydroxyl groups are 
acylated. It should be understood that the precise DS will depend upon the starting CD. 

The preferred acyl groups are those containing from about 1 to about 18 carbon 
atoms. Specific examples of the preferred acyl groups include formyl, acetyl 
propionyl, butyryl, valeryl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl 
undecanoyl, lauryl, tridecanoyl, myristyl, prntadecanoyl, palmityl, heptadecanoyl 
stearyl and branched chain acyl groups derived from straight chain acyl. Straight chain 
acyl groups are preferred. More preferred is when the acyl substituent contains from 
about 1 to about 4 carbon atoms. Most preferred is when the acyl substituent contains 2 
or 3 carbon atoms. Examples of preferred acyl groups include formyl, acetyl, propionyl, 
and butryl groups. 

With regard to incorporation of these acylated CDs into a carrier polymer it is 
preferred that the acylated CDs be com P ,exed with a guest molecule after incorporation 
mto the carrier polymer (In this mvention, thermoplastic and carrier polymer generally 
mean the same. I, should be noted that in the case of solvent casttng of a shaped article 
■Us no. necessary tha, the earner potymer also be a thermoplastic carrier polymer ) 
That ,s, the acylated CD is initially present in the carrier polymer in the form of an 
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inclusion complex. We have found three distinct methods that permit incorporation of 
these acylated CD inclusion complexes into the carrier polymer. These methods include 
melt compounding of the preformed inclusion complex into the carrier polymer, 
coprecipitation of the inclusion complex with the carrier polymer, and in situ formation 
5 of the inclusion complex in the polymer melt. 

Incorporation of the inclusion complex by melt compounding requires prior 
formation of the inclusion complex. To accomplish this goal, we have developed a 
novel precipitation method for formation of the inclusion complex that is more efficient 
1 0 and which provides for a higher loading of the guest molecule in the host acylated CD 
relative to other known methods. In the precipitation method, a common solvent for 
both the acylated CD and the guest molecule is used to dissolve the host acylated CD 
and guest molecules. For the purpose of this invention, any organic solvent common to 
the guest and host molecules that has some solubility with water is the preferred 
1 5 organic solvent. Examples of preferred organic solvents include acetone, acetic acid, 
methyl acetate, ethyl acetate, and ethanol/water with acetone being the most preferred 
common solvent. Those skilled in the art will recognize that the choice of the solvent 
will depend upon the structure and solubilities of the guest and host molecule. The 
combined concentrations of the guest and host molecules in the organic solvent can 
20 range from about 1 wt% to about 70 wt%. The preferred concentration is from about 1 0 
wt% to about 50 wt%. Those skilled in the art will also recognize that the host:guest 
molar ratio in the organic solvent depends upon the host:guest molar ratio of the 
inclusion complex. This ratio in turn depends upon the structure of the guest molecule 
and the cavity size of the acylated cyclodextrin. In general, any host:guest molar ratio 
25 that provides for effective stablization and sustained release of the guest molecule is 
preferred. The most preferred host.guest molar ratios are from about 1:1 to about 5:1. 
After dissolving the guest and host molecules, the mixture is stirred at a temperature 
ranging form about room temperature to about reflux temperature for about 0.1 to about 
6 h. The preferred temperature is from about 25 °C to about 50 °C and the preferred 
30 mixing time is from about 0.5 to about 2 h. The inclusion complex is isolated by 
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precipitation into water that is at a temperature from about 0 °C to about 30 °C. The 
precipitation may be rapid, such as from 1 to 300 minutes, more preferably from 5 to 30 
minutes. The solid inclusion complex can be isolated and dried by methods well known 
to those skilled in the art such as filtration to isolate the solid and tray drying to remove 
excess water or organic solvent. 

As noted above, the precipitation method provides for a higher loading of the 
guest molecule relative to other known methods. The loading can be nominal (just 
greater than 0%) to 15 wt%. Preferred wt% loading of the guest molecule includes 
from about 2 wt% to about 15 wt%. The most preferred wt% loading of the guest 
molecule is from about 5 wt% to about 12 wt%. Of course the precise value will 
depend upon the molecular weight of the guest compound and the molar ratio of the 
inclusion complex. 

In the case of multicomponent guest molecules such as in fragrances, the 
precipitation method provides for complexation of the more volatile components. The 
net result is that the fragrance composition is not altered. Other methods of complex 
formation gives altered fragrance compositions. 

As noted above, the inclusion complex formed by the precipitation method can 
be incorporated into a carrier polymer by melt compounding. The concentration of the 
inclusion complex can range from about 0.1 wt% to about 60 wt%. The preferred 
concentration of the inclusion complex in the carrier polymer is from about 5 wt% to 
about 25 wt%. The inclusion complex, the carrier polymer, and if desired, other 
additives, are melt compounded together in a device such as a single or twin screw 
extruder at a time and temperature suitable to promote mixing. After mixing, the carrier 
polymer - inclusion complex composite is rapidly cooled. Those skilled in the art will 
recognize that the time and temperature required for mixing will depend upon factors 
such as the type of extruder and screw design, the stability of the inclusion complex, 
and the melt processing temperature of the carrier polymer. Preferably, the processing 
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temperature should be less than that at which the guest molecule is released from the 
host acylated cyclodextrin. That is, from about 100 °C to about 200 °C. If the host 
molecule is unusually heat sensitive, a lower processing temperature can be selected. In 
some cases, it is possible to process above the guest release temperature provided that 
the processing time at the elevated temperature is brief. 

Coprecipitation of the inclusion complex with the carrier polymer is similar to 
the precipitation method except that the carrier polymer is included in the common 
organic solvent. That is, a common organic solvent is selected for the acylated CD, the 
guest molecule, and for the carrier polymer. The carrier polymer is then precipitated 
from the solution with the inclusion complex distributed through out the carrier 
polymer. The carrier polymer-inclusion complex composite can then be subsequently 
thermally processed. Alternative to post precipitation processing, the solution 
containing the carrier polymer and inclusion complex can be directly cast into an object 
1 5 suitable for direct use. As example of such an object includes cast film. In this case, it is 
not necessary that the carrier polymer also be a thermoplastic. The temperature, time, 
concentration, and host: guest molar ratio constraints outlined above apply to 
coprecipitation as well. 
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In situ formation of the inclusion complex in the melt optionally involves a 
device to premix the carrier polymer, the guest molecule, the host molecule, and, if 
desired, other additives. Suitable devices for premixing include a roll mill, Henschel 
mixer or ribbon blender. The mixture is then melt compounded together in a device 
such as a single or twin screw extruder at a time and temperature suitable to promote 
formation of the inclusion complex and mixing of the inclusion complex with the 
carrier polymer. After mixing, the carrier polymer-inclusion complex composite is 
rapidly cooled. The concentration and host:guest molar ratio constraints outlined above 
also apply in this method as well. Those skilled in the art will recognize that the time 
and temperature required to promote complex formation and intimate mixing will 
depend upon factors such as the type of extruder and screw design, the stability and 
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volatility of guest molecule, stability of the complex, and melt processing temperature 
of the carrier polymer. Preferably, the processing temperature should be less than that 
at which the guest molecule is released from the host acylated cyclodextrin. That is, 
from about 100 °C to about 200 °C. If the host molecule is unusually heat sensitive, a 
lower processing temperature can be selected. In some cases, it is possible to process 
above the guest release temperature provided that the processing time at the elevated 
temperature is brief. Without wishing to be bound by theory, it is believed that a high 
melt viscosity of the carrier polymer matrix can inhibit diffusion of the guest molecule 
at the higher processing temperatures for a short period of time. 



Relative to the inclusion complex, a wide variety of guest molecules can be 
utilized such as pharmaceutical actives (in this invention, pharmaceutical active and 
drug active mean the same and are used interchangeably), nutraceuticals, fragrances, 
plasticizers and insecticides. The guest molecules of the present invention may be 
1 5 hydrophilic or hydrophobic. Preferred guest molecules are pharmaceutical actives and 
fragrances. Suitable nutraceuticals include acetaldehyde and phytosterols and their 
derivatives. 



Inclusion complexes of the present invention may be comprised of any host 
molecule herein described and one or more guest molecules, either with or without the 
carrier polymer. In one embodiment, the present invention relates to inclusion 
complexes comprising triacetyl-a, p, or y-cyclodextrin and a non-water soluble or 
sparingly water soluble guest molecule, such as a non-water soluble pharmaceutical 
active, a fragrance molecule, a nutraceutical, or an insecticide. Specific embodiments 
include inclusion complexes comprising triacetyl-a-cyclodextrin and prostaglandin 
molecules or triacetyl-a or p-cyclodextrin and fragrance molecules. In another 
embodiment, the present invention relates to inclusion complexes comprising triacetyl- 
a, p, or y-cyclodextrin and a water soluble or significantly water soluble guest 
molecule, such as a water soluble pharmaceutical active, a nutraceutical, or an 
insecticide. Specific embodiments include inclusion complexes comprising triacetyl-a 
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or p-cyclodextrin and isosorbide-5-mononitrate or triacetyl-p-cyclodextrin and 
nitroglycerin molecules. 

Nonlimiting examples of fragrances include oils of sandalwood, lemon, 
Douglas fir, patchouli, strawberry, and vanilla. These types of fragrances are available 
from Aroma Tech (Summerville, NJ). It is well recognized that commercial samples of 
fragrance oils are actually complex mixtures of many molecules. In this invention, the 
term fragrance includes both individual molecules and complex mixtures. 



A class of particularly preferred pharmaceutical actives are water soluble or 
sparingly water soluble pharmaceutical actives. In this case, the inclusion complexes 
provide for the controlled release of the pharmacologically active guest molecule. We 
have surprisingly found that practice of the above precipitation method for the 
preparation of the inclusion complex provides an inclusion complex with high loading 
1 5 of the pharmacologically active agent. In many cases, the inclusion complex exhibit 
sustained and controlled release over several hours. Relative to the prior art, these 
complexes offer the advantage of sustained availability of the biologically active agent 
while using smaller amounts of the host molecule. That is, the sustained bioavailability 
of the pharmacological active agent is increased. 



Examples of pharmacologically actives agents include nonsterodial 
antirheumatic agents, steroids, cardiac glycosides, anticoagulants, benzodiazepine 
derivatives, benzimidazole derivatives, piperidine derivatives, piperazine derivatives, 
imidazole derivatives, triazole derivatives, organic nitrates, prostaglandins, and 

25 oligionucleotide antisense agents. Nonlimiting examples of preferred pharmacological 
agents include anti-inflammatory and analgesic agents (eg. acetylsalicylic acid, sodium 
diclofenac, ibuprofen, sodium naproxen), anticoagulants (heparin, low molecular 
weight heparins, aspirin, Coumadin, dextran, persantine), antidiabetic agents 
(glibenclamide), antivirals (3TC, AZT, ddC, loviride, indinavir, nelfinavir, tivirapine, 

30 ritonavir, squinavir, ddl, ISIS 1 4803), antistroke agents (lubeluzole, aptiganel, 
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remacemide), vasodilators (glyceryl trinitrate, isosorbide dinitrate, isosorbide 5- 
mononitrate, pentaerythritol tetranitrate, amyl nitrate, prostaglandin), anticancer agents 
(ISIS 3521, ISIS 5132), antidepressants (amitriptyline HC1, clomipramine HC1, 
fluoxetine, amoxapine butriptyline HC1), antifungal agents (amphotericin, econazole, 
flucytosine, miconazole nitrate) and antibacterial agents (amoxicillin, cefaclor, 
cephalexin, sodium flucloxacillin, lincomycin HC1, clindamycin). 

Carrier polymers materials suitable for use with the inclusion complexes 
include, but are not limited to, polyolefins, aromatic polyesters, vinyl polymers, acrylic 
polymers, polynitriles, polyamides, aliphatic polyesters, aromatic-aliphatic 
copolyesters, C1-C10 esters of cellulose, polystyrene, polycarbonate, polylactates, 
polyanhydrides, polyglycols, polysaccharides, polyhydroxybutyrates, 
polyhydroxybutyrate-valerate copolymers, polycaprolactone, cellophane, and mixtures 
thereof. Those skilled in the art will recognize that many of the polymers, such as the 
aliphatic polyesters, polylactates, or vinyl polymers, are often copolymers containing 2 
or more monomer repeat units at varying molar ratios. Preferred thermoplastic 
materials include polyethylene, polypropylene, polyethylene-propylene copolymers, 
polyethylene-vinyl acetate copolymers, polyethylene-vinyl alcohol copolymers, 
polytetrafluoroethylene, starch, cellulose, cellulose acetate, cellulose acetate 
propionate, cellulose acetate butyrate, cellulose propionate, cellulose butyrate, 
polylactic acid, polylactic acid-glycolic acid copolymers, polylactic acid-succinic acid 
copolymers, polyanhydrides, polyvinyl chloride, polystyrene, or mixtures thereof. 



lex 



Occasionally, thermal processing of these thermoplastic-inclusion compk 
compositions require the addition of other polymer additives. For example, thermal 
processing of starch requires the use of water as a plasticizer in order to achieve a 
thermoplastic, processable starch. Similarly, cellulose esters often require the use of a 
plasticizer in order to achieve lower melt processing temperatures or certain physical 
properties. Other components are often added in very small amounts to achieve 
30 enhanced thermal stability or to mask taste or odors. Those skilled in the art will 
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recognize when certain polymer additives are necessary and will be able to select those 
appropriately. In general, polymer additives may be used in the formulations of this 
invention provided they do not promote instability of the guest molecule or they are not 
inherently toxic. 

If desirable, pharmaceutical^ acceptable auxiliaries or additives may be added 
to promote other features such as disintegration, absorption, permeability, or 
stablization. Examples of such pharmaceutical additives include, but are not limited to, 
fatty acids, thioglycolates, fatty acid alcohol ester, surfactants, viscosity modifiers, 
antioxidants, preservatives, inert fillers, or mixtures thereof. Nonlimiting examples are 
as follows. Fatty acids: oleic acid; thioglycolates: potassium thioglycolate; fatty acid 
alcohol ester: diisopropyl adapt; surfactants: polyoxyethylene fatty acid ester, fatty acid 
glycerol esters, alkylpolyglycosides; viscosity modifiers: carboxymethyl cellulose, 
xanthan gum, methyl cellulose, hydroxypropyl cellulose; antioxidants: ascorbic acid, 
tocopherol, d-a-tocopheryl polyethylene glycol 1000 succinate; preservatives: scorbic 
acid; inert fillers: cellulose. 



The composites based on a carrier polymer-inclusion complex are capable of 
highly desirable sustained and controlled release of pharmaceutical active molecules. 
20 Hence, those skilled in the art will understand which pharmaceutical active and 
pharmacologically acceptable molecule to select for treatment . 

In the case in which the guest molecule is a pharmaceutical active, the carrier 
polymer - acylated CD pharmaceutical active inclusion complex composite can be 
processed into shaped articles useful as medical devices for the controlled and sustained 
release of the pharmaceutical active. As nonlimiting examples, a composite based on a 
carrier polymer - acylated CD:pharmaceutical active inclusion complex can be 
processed to form a stent or a catheter. Examples in the prior art of stents useful for 
drug delivery can be found in US 5,980,551 and US 5,383,928. Catheters are thin tubes 
that are inserted into body cavities and organs. An obvious concern with catheters, 



25 



30 



• 
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particularly those intended for long term use, are secondary infections. Examples of 
catheters include epidural catheters for providing anesthesia during labor to relieve pain 
or urinary catheters for treating urinary disjunction that can arise after treatment for 
diseases such as prostate cancer. Catheters are also used in the treatment of coronary 
5 artery disease. One type of coronary angioplasty or PTCA (percutaneous transluminal 
cornary angioplasty) involves insertion of a catheter into an artery which is then guided 
to the blocked area of the cornary artery. Once the blockage is located, a smaller 
balloon tipped catheter is inserted into the existing catheter and guided to the site. 
Inflation of the balloon causes the artery to stretch and its inner lining to tear at the site 
1 0 so that the narrowing is pressed against the artery wall opening the artery. The balloon 
is deflated and the catheters are withdrawn. Successful PTCA can significantly improve 
the health of certain patents. However, there are major complications associated with 
PTCA: Acute occlusion of the vessel during or after the procedure leading to 
myocardial infarction and restenosis which leads to a gradual narrowing at the site of 
1 5 the PTCA. For this reason, stents are now becoming the primary form of treatment. A 
stent is usually a metal device that can be placed in the artery at the site of the 
dissection. A stent can markedly decrease the incidence of associated myocardial 
infarction. However, exposure of the stent surface to circulating blood initiates platelet 
and coagulation reactions that frequently result in thrombus formation and acute 
20 thrombosis at the stent site. Generally, the patients are aggressively treated with 

anticoagulants such as heparin, aspirin, Coumadin, dextran, or persantine. Because of 
the complications associated with systemic anticoagulation, extensive attempts have 
been made to design a stent that would be non-thrombogenic. 

25 The present invention provides solutions to the above complications. For 

example, incorporation of an acylated CD:antibiotic inclusion complex directly into a 
carrier polymer from which the catheter is constructed can provide for the controlled 
release of the antibiotic which can significantly reduce the number of infections. 
Incorporation of an acylated CD:anticoagulant dug active inclusion complex into a 

30 carrier polymer which is then used to coat the surface of the stent can provide for the 
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controlled and sustained release of the anticoagulant directly at the site which could 
significantly reduce thrombosis. In the case of stents, other inventors have proposed the 
use of biodegradable polymers as carriers of drug actives which are used to coat the 
stent. Biodegradation of the polymer over time releases the drug active by a simple 
dissolution process. However, this can only be a temporary solution as with time the 
metal surface of the stent will become exposed. Although such biodegradable polymers 
can also be used in the present invention as well, the use of a biocompatible and 
hemocompatible polymer would offer a better solution. In this regard, cellulose acetate 
is particularly well suited polymer carrier for an acylated CD anticoagulant drug active 
inclusion complex. 



A polymer carrier containing an acylated CD.pharmaceutical active inclusion 
complex could be used to construct or coat an implanted medical device could be used 
to treat other serious diseases. Such devices would be useful in the treatment of 
diseases that require prolonged intravenous delivery of a drug active. As a nonlimiting 
example, such devices could be used for the sustained and controlled release of 
anticancer agents such as antisense oligionucleotides or other anticancer agents such as 
5 -fluoro-deoxyuridine . 



Another nonlimiting example of the use of a polymer carrier containing an 
acylated CD:pharmaceutical active inclusion complex in the formation of medical 
devices is use of the composite to form monolithic carrier films useful in a transdermal 
drug delivery system. The interest in transdermal drug delivery in the medical 
community arises from the lack of compliance of patients to treatment regimes. 
Furthermore, it is well understood that oral administration of drugs can lead to digestive 
difficulties and that the liver can act to remove the drug active. Transdermal drug 
delivery is viewed as a leading solution to these problems. Transdermal drug delivery 
patches are similar in appearance to adhesive bandages. When applied to the skin, the 
transdermal drug delivery patches can dispense the drug active at controlled rates by 
presenting the drug for absorption through the skin. Many of the current inventions 
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focus on controlling the rate at which the drug is presented to the skin and upon 
absorption enhancers which increases the transport of the active through the layers of 
skin. Representative examples of the prior art related to transdermal drug delivery 
patches can be found in US 5,965,154, US 6,007,837, US 5,989,586, US 6,010,715, 
and US 6,019,988. 

Relative to transdermal drug delivery patches, the acylated CD:drug active 
inclusion complexes formed by the methods of this invention offer excellent controlled 
and sustained release of the drug active. The methods for formation of the inclusion 
complexes described in this invention allows for higher incorporation of the drug active 
in the acylated CD which in turn provides for higher concentration of the drug active in 
the transdermal drug delivery patch. These complexes offer increased stability and 
decreased volatility which allows their incorporation into carrier films by melt 
extrusion over a wide temperature range or by solvent casting followed by rapid 
removal of solvent at elevated temperatures. This feature increases the number of drug 
actives and carrier polymer matrices that can be utilized and reduces concerns about 
residual solvent. In the present invention, the acylated CD:drug active inclusion 
complexes are contained in the carrier film and the contact adhesive, permeation 
enhancer, and the like are applied to the surface of the carrier layer. That is, the drug 
active is separated from the other components. This provides for enhanced stability of 
the drug active and increased long term storage. 

Another nonlimiting example of the use of a polymer carrier containing an 
acylated CD:drug active inclusion complex in the formation of medical devices is melt 
extrusion of the composite to form tablets for controlled and sustained release of the 
pharmaceutical active. Without attempting to describe all possible formulations, as 
currently produced, tablets for oral delivery of drug actives are typically comprised of a 
solid core consisting of a release rate modifier, drug active, and other pharmaceutical ly 
acceptable adjuvants or active ingredients. The solid core may optionally be coated 
where the coating comprises a film coating agent(s) and an optional pore forming 
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agent(s). The coating can serve to further modify the release rate of the drug active. The 
exact proportion of each ingredient in the tablet are determined by the solubility and 
chemical properties of the drug active, the chosen dosage, the desired rate of drug 
delivery, the site where the drug is to be released, and other standard pharmaceutical 
practices. Generally, the core is formed by compression and, if desired, a coating is 
applied by coating with a preformed film or by air spraying a coating solution onto the 
individual tablets. Some of the difficulties associated with this approach to tableting 
include solubilization and stablization of the drug active, controlled release of the drug 
active, and delivery of the drug active to the desired site in the intestinal tract. Also, the 
multistep procedures of combining and mixing multiple ingredients, granulating to 
achieve a uniform particle size, tablet compression, and coating of the tablet provides a 
process that is not efficient and economical. 



15 



In the present invention, an acylated CD:drug active inclusion complex can be 
incorporated into a thermoplastic polymer which serves as the matrix for the solid core 
of the tablet. In certain cases, the acylated CD and the drug active can be added as 
individual components and complex formation occurs during melt mixing. Other 
pharmaceutically acceptable ingredients can also be melt compounded into the 
thermoplastic matrix. If these additives need enhanced stablization or reduced 
20 volatility, the additives can be added in the form of inclusion complexes with acylated 
CDs or other CD derivatives. Following melt compounding, the thermoplastic matrix 
containing the acylated CDrdrug active inclusion complex and additives (thermoplastic 
matrix core) can be formed into discrete tablets by a number of techniques. For 
example, the thermoplastic core can be extruded as a rod and chopped into tablets. The 
25 preferred method is to extrude the thermoplastic matrix core in the form of a sheet from 
which individual tablets are stamped or cut. If so desired, the thermoplastic matrix core 
can be coated by a number of methods. For example, the surface of the extruded sheet 
can be laminated with a coating film prior to cutting or stamping of the individual 
tablets. The extruded sheet can also be solvent coated with the coating material. 
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Alternatively, the individual tablets can be coated by air spraying or by passing the 
tablets through a coating solution. 

Melt extrusion of the thermoplastic matrix core offers an efficient alternative to 
the known methods for tablet production. The use of an extruder to melt mix the tablet 
components increases the efficiency of the process and provides for a more economical 
means for preparing solid oral drug formulations. The acylated CD:drug active 
inclusion complex provides for sustained and controlled release of the drug active 
decreasing the need for additional release rate modifiers and coating of the tablet. 
Extrusion to form the thermoplastic matrix core is made possible by the enhanced 
stability and decreased volatility of the drug active provided by the acylated CD. Water 
soluble drug actives can be used in these formulations even when water is used to 
plasticize the thermoplastic during melt compounding and extrusion thus allowing the 
use of thermoplastic starch in the matrix material for water soluble drug actives. 
Because the drug active is in the form of an inclusion complex with acylated CDs, the 
solid oral formulation can be stored for longer periods without degradation of the drug 
actives or loss of the drug active due to volatility. For example, the acylated CD can 
provides prolonged shelf life for oral formulations of nitroglycerin. 

The compounds of the invention may be conveniently formulated into 
pharmaceutical compositions composed of one or more of the compounds in 
association with a pharmaceutically acceptable carrier. See, e.g., Remington's 
Pharmaceutical Sciences, latest edition, by E.W. Martin Mack Pub. Co., Easton, PA, 
which discloses typical carriers and conventional methods of preparing pharmaceutical 
compositions that may be used in conjunction with the preparation of formulations of 
the inventive compounds and which is incorporated by reference herein. 

The compounds may be administered orally, parenterally (e.g., intravenously), 
by intramuscular injection, by intraperitoneal injection, topically, transdermally, 
implants, or the like, although transdermal or oral administration is preferred. The 
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amount of active compound administered will, of course, be dependent on the subject 
being treated, the subject's weight, the manner of administration and the judgement of 
the prescribing physician. 

5 Depending on the intended mode of administration, the pharmaceutical 

compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, 
for example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, 
lotions, creams, gels, or the like, preferably in unit dosage form suitable for single 
administration of a precise dosage. The compositions will include, as noted above, an 
10 effective amount of the selected drug in combination with a pharmaceutically 

acceptable carrier and, in addition, may include other medicinal agents, pharmaceutical 
agents, carriers, adjuvants, diluents, etc. 

For solid compositions such as tablets, conventional nontoxic solid carriers 
1 5 include, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talc, cellulose, glucose, sucrose, magnesium carbonate, and 
the like. Liquid pharmaceutically administrable compositions can, for example, be 
prepared by dissolving, dispersing, etc., an active compound as described herein and 
optional pharmaceutical adjuvants in an excipient, such as, for example, water, saline 
20 aqueous dextrose, glycerol, ethanol, and the like, to thereby form a solution or 

suspension. If desired, the pharmaceutical composition to be administered may also 
contain minor amounts of nontoxic auxiliary substances such as wetting or emulsifying 
agents, pH buffering agents and the like, for example, sodium acetate, sorbitan 
monolaurate, triethanolamine sodium acetate, triethanolamine oleate, etc. Actual 
25 methods of preparing such dosage forms are known, or will be apparent, to those 

skilled in this art; for example see Remington's Pharmaceutical Sciences, referenced 
above. 

For oral administration, fine powders or granules may contain diluting, 
30 dispersing, and/or surface active agents, and may be presented in water or in a syrup, in 
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capsules or sachets in the dry state, or in a nonaqueous solution or suspension wherein 
suspending agents may be included, in tablets wherein binders and lubricants may be 
included, or in a suspension in water or a syrup. Where desirable or necessary, 
flavoring, preserving, suspending, thickening, or emulsifying agents may be included. 
Tablets and granules are preferred oral administration forms, and these may be coated. 

Parental administration, if used, is generally characterized by injection. 
Injectables can be prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution or suspension in liquid prior to injection, 
or as emulsions. A more recently revised approach for parental administration involves 
use of a slow release or sustained release system, such that a constant level of dosage is 
maintained. See, e.g., U.S. Patent No. 3,710,795, which is incorporated by reference 
herein. 

For topical administration, liquids, suspension, lotions, creams, gels or the like 
may be used as long as the active compound can be delivered to the surface of the skin. 

This invention can be further illustrated by the following examples of preferred 
embodiments, although it should be understood that these examples are included 
merely for purposes of illustration and are not intended to limit the scope of the 
invention unless otherwise specifically indicated. The starting materials are 
commercially available unless otherwise described. All percentages are by weight 
unless otherwise described. 

The compounds of the invention may be readily synthesized using techniques 
generally known to those skilled in the art. Suitable experimental methods for making 
and derivatizing inclusion complexes are described, for example, in the references cited 
in the Background section herein above, the disclosures of which are hereby 
incorporated by reference for their general teachings and for their synthesis teachings. 



24 

Methods for making specific and preferred compounds of the present invention are 
described in detail in the Examples below. 

Examples 

The following examples are put forth so as to provide those of ordinary skill in 
the art with a complete disclosure and description of how the compounds, 
compositions, articles, devices and/or methods claimed herein are made and evaluated, 
and are intended to be purely exemplary of the invention and are not intended to limit 
the scope of what the inventors regard as their invention. Efforts have been made to 
ensure accuracy with respect to numbers (e.g., amounts, temperature, etc.), but some 
errors and deviations should be accounted for. Unless indicated otherwise, parts are 
parts by weight, temperature is in °C or is at ambient temperature, and pressure is at or 
near atmospheric. 



Example 1 . Preparation of triacetvl- p-CD:Nirrop 1 ycerin CNOI complexes. 

A solution containing 29 g of triacetyl-P-CD (DS = 21) dissolved in 400 mL of 
50 % ethanol was prepared by ultrasonication at 35-40 °C. To the triacetyl-p-CD solution 
was added approximately 3.5 g of NG dissolved in 150 mL ethanol. A clear, 
homogeneous solution was obtained which became opalescent on cooling. The triacetyl- 
p-CD:NG inclusion complex was precipitated by adding approximately 300 mL of ice 
water. The complex was allowed to stand in refrigerator (ca. 5 °C) for 48 hours before 
filtering and drying to a constant weight at 50 °C in the presence of P 2 0 5 . This procedure 
provided 32 g of a triacetyl-p-CD:NG inclusion complex containing 9.73 wt% NG as a 
white powder. The NG content of the mother liquid was found to be 57 jag/mL. The yield 
of triacetyl-p-CD:NG inclusion complex was approximately 90 %. In order to evaluate 
the reproducibility and effect of scaling to larger sizes, this procedure was conducted at 
four different scales. The results are summarized in Table 4. 



25 



Table 4. Composition of triacetyl-(3-CD:NG complexes 



NG content of complex (wt%) 

Weight loss on drying (%) 

NG content after heat treatment (wt%) 



Experiments 


1 


2 


3 


4 


(2g) 


(10g) 


(3g) 


(30g) 1 


8.75 


11.0 


12.8 


9.73 


12.0 


0.4 


1.0 


0.68 2 


9.9 


11.1 


13.4 


9.76 3 



2. Water content by Karl Fischer titration. 

3. Dried for 4 h at 70 °C. 
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In every case, the NG content of the complex was large ranging from about 10 to 
about 13 wt% NG after drying of the complex. The difference in NG content was a 
consequence of the amount of NG used in making the complex rather than loss due to 
drying. 

Example 2. Weight loss of NG fro m triacetv1- ft -CD:NG complexes during drying 

Samples of triacetyl-p-CD:NG inclusion complexes, as well as a lactose:NG 
physical mixture, were placed in individual open vessels in 2 mm layers. The samples 
were dried at 70 °C. Samples were taken at different time intervals and the NG content 
of the samples was determined by HPLC. Representative results for one triacetyl-p- 
CD:NG inclusion complex and the lactose:NG physical mixture is summarized in Table 
5. 

Table 5. Loss of NG from a triacetyl-p-CD:NG inclusion complex and a lactose:NG 
physical mixture after storage at 70 °C. 



Time 


NG content remaining 


(hours) 


Complex 


Lactose mixture 


0 


9.73% 


7.2% 


4 


9.76% 


5.2% 


10 


9.67% 


4.3% 
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This example demonstrates that NG is not lost from the triacetyl-P-CD:NG inclusion 
complex even after drying at elevated temperatures for extended times. 

Example 3. Thermal analysis of rriar.ptvl- p -CD.NG inclusion complexes 

In order to investigate retention of NG upon heating, samples of a triacetyl-p- 
CD:NG complex (12. 8 % NG) and a lactose:NG physical mixture (7.2 % NG) were 
analyzed by thermogravimetric analysis (TGA) and by evolved gas detection (EGD). 
The TGA studies were performed on an Universal V2.3C TA instrument in argon 
atmosphere, 10 L/h, heating rate of 5 °C/min in a temperature range of 20 - 350 °C. 
Evolved gas detection curves were taken on a Thermal Analyzer System 916 DuPont 
(Carle 2000) in a nitrogen atmosphere, 1.8 L/h, heating rate 8 °C/min. The results are 
summarized in Figures 4 and 5. 

In the case of the lactose:NG physical mixture, TGA (Figure 4) shows that the 
NG is volatilized at about 1 16 °C. In the case of the triacetyl-P-CD:NG complex, little 
if any loss of the NG is observed at this temperature. Rather, significant loss of NG 
does not occur until approximately 190 °C. Similarly, EGD (Figure 5) shows that the 
NG is lost in the same temperature range (1 18 °C) from the lactoserNG physical 
mixture as that observed in TGA. Likewise, signicant loss of NG from the triacetyl-p- 
CD:NG inclusion complex does not occur until about 190 °C. This example illustrates 
that triacetyl-p-CD acts as a host molecule for NG and provides for significant 
stablization and reduction of the volatility of NG. 

Example 4. Release profile of NG frnm tri^ty'- P -CD:NG j nc i 11s ; on cnmp i exf , s 

In order to determine the release profile of NG from triacetyl-p-CD:NG inclusion 
complexes, the release behavior of NG from a triacetyl-p-CD:NG inclusion complex, a 
p-CD:NG complex, and lactose:NG physical mixture in different media were 
investigated. Dissolution tests were carried out by adding samples at concentrations 
equivalent to 0.1 or 0.5 mg/mL NG to the dissolution media. The media was stirred 
using magnetic stirrer at approximately 120 r.p.m. at room temperature. At different 
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time intervals, approximately 1 mL of sample was withdrawn, filtered across a 
membrane filter (0.2 um), and the filtrates were immediately diluted two-fold with 
methanol. The amount of dissolved NG was determined by HPLC. Relevant data is 
summarized in Table 6 and in Figure 6. 



10 



15 



20 



Table 6. Release of NG in water from a triacetyl-p-CD:NG inclusion complex, a p- 
CD.NG complex, and lactose:NG physical mixture as a function of time where the 
compositions were added at concentrations equivalent to 100 ng/mL NG. 



Time/min. 


Dissolved NG jig/mL 




Triacetyl-p-CD:NG 


P-CD:NG 


Lactose:NG physical 




complex 


complex 


mixture 


5 


7.6 


99.4 


97.7 


10 


9.8 


97.5 


98.9 


15 


11.0 


98.1 


102.4 


20 


11.7 


99.9 


98.0 


30 


13.0 


98.8 


100.0 


60 


16.0 


99.4 


98.3 


120 


19.3 






180 


21.7 






240 


24.0 






300 


27.2 






360 


32.6 






1440 


72.3 







As can be seen from Table 6, the release of NG from the P-CD:NG complex 
and the lactose:NG physical mixture in water was very rapid with essentially all of the 
NG being dissolved in the media within 5 minutes. In contrast, the release of NG from 
the triacetyl-p-CD:NG complex was sustained with 1440 min being required for release 
of 72 ng from the complex. This is further illustrated in Figure 6. When water was the 
media, approximately 10 ng of NG was release in the first 10 min which followed by a 
gradual increase of dissolved NG over time. Similar behavior is observed at pH 7.2 and 
at pH 1.4. However, there is clearly a pH effect. After approximately 180 min, release 
of 22, 44, and 64 \ig of NG is observed in water, pH 7.2 buffer, and at pH 1.4, 
respectively. This example illustrates that triacetyl-p-CD:NG complexes provide for 
sustained release of NG whereas complexes of p-CD:NG and physical mixtures of 
lactoserNG do not. 



28 



Example 5. Thermal stability of triacetvl-p-CD. 

In order to determine the stability of triacetyl-p-CD, a sample was heated to 400 
°C at 20 °C/min under nitrogen in a DuPont 2200 thermogravimetric spectrometer 

5 (Figure 7). The sample was found to be surprisingly stable with essentially no weight 
loss (ca. 0.2%) observed until above 325 °C. A sample of triacetyl-P-CD was then held 
at 300 °C for 35 minutes (Figure 8). Even after extended heating at this temperature, 
only about 3.2% weight loss was observed. These results demonstrate that triacetyl-p- 
CD is a surprisingly thermally stable molecule that could act as a thermally stable host 

10 molecule for guest molecules such as pharmaceutically active molecules. 

Exam ple 6. Compounding of a triacetvl-p-CD :NG complex in a carrier polymer. 

A triacetyl-p-CD:NG complex (1.75 g, 10 wt% NG) and poly(ethylene-co-vinyl 
acetate) (33.25 g, 25% vinyl acetate) were mixed in a plastic bag. The mixture was then 

15 thermally compounded in a Rheometrics Mechanical Spectrometer at 130 °C for 5 
minutes. The resulting blend was ground to 5 mm particle size and portions was 
pressed between two metal plates at 130 °C to produce clear, flexible films containing 
approximately 0.5 wt % NG. Figure 9 provides TGA spectra of the (a) triacetyl-p- 
CD:NG complex, (b) poly(ethylene-co-vinyl acetate), and (c) a composite of 

20 poly(ethylene-co-vinyl acetate) - triacetyl-p-CD:NG complex. The large peak centered 
at about 200 °C (Figure 9a) is due to volatilization of NG which occurs upon reaching 
the melting point of the complex. As would be expected, a corresponding peak in not 
present in the poly(ethylene-co-vinyl acetate) (Figure 9b). However, the peak 
corresponding to volatilization of NG is clearly present in the spectra of the 

25 poly(ethylene-co-vinyl acetate) - triacetyl-p-CD:NG complex. This example 

demonstrates that a triacetyl-p-CD:pharmaceutical active inclusion complex can be 
successfully compounded into suitable thermoplastic materials without loss or 
degradation of the pharmaceutical active. Furthermore, these blends can then be 
processed into shaped articles such as films, tablets, or other medical devices for 

30 extended release of pharmaceutical actives. 
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Example 7. Preparation of triacetyl-P-CD:5-ISMN complexes. 

Triacetyl-(3-CD (15 g) was dissolved in 80 mL of 50 % ethanol by 
ultrasonication at 50-55°C. Isosorbide 5 -mononitrate (2.2 g) dissolved in 20 mL 50 % 
ethanol was added under continuous stirring. A clear, homogeneous solution was 
5 obtained which became opalescent on cooling. The complex was precipitated by adding 
ice water (approx. 200 mL). The complex was allowed to stand in a refrigerator (ca. 5 
°C) for 24 hours. Thereafter, the complex was isolated by filtration and dried to 
constant weight at 50°C in the presence of P2O5. This process provided 15.2 g of the 
triacetyl-P-CD:5-ISMN complex containing 5.4 wt% of 5-ISMN (determined by 
1 0 capillary electrophoresis) as a white powder. 

Example 8. Preparation of 5-ISMN/triacetyl-q-CD complexes. 

Triacetyl-ot-CD (15 g) was dissolved in 50 mL of 50 % ethanol by 
ultrasonication at 70-75 °C. Isosorbide 5-mononitrate (2.3 g) dissolved in 10 mL 50 % 

1 5 ethanol was added under continuous stirring. A clear, homogeneous solution was 
obtained. The complex was precipitated by adding ice water (approx. 150 mL). The 
complex was allowed to stand in a refrigerator for 24 hours. Thereafter, the complex 
was isolated by filtration and dried to constant weight at 50 °C in the presence of P2O5. 
This process provided 13.9 g of the triacetyl-a-CD: 5-ISMN complex containing 5.8 

20 wt% of 5-ISMN (determined by capillary electrophoresis) as a white powder. 

Example 9. Thermal characterization of triacetyl-a-CD :5-ISMN complexes. 

In order to investigate complex formation of 5-ISMN with triacetyl-a-CD, 
differential scanning calorimetery (DSC) studies were performed on an Universal 

25 V2.3C TA instrument in argon atmosphere, 10 L/h, heating rate of 5 °C/min in a 
temperature range of 20-350 °C. Figure 10 provides the DSC spectra. Figure 10A 
corresponds to the triacetyl-a-CD: 5-ISMN complex, Figure 10B corresponds to a 
mechanical mixture of triacetyl-a-CD with 5-ISMN, Figure 10C corresponds to 5- 
ISMN, and Figure 10D corresponds to triacetyl-a-CD. As can be seen, the endotherm 

30 due to the melting of 5-ISMN is present in the mechanical mixture but completely 
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absent in the complex. This observation is consistent with a guest/host complex were 
crystallization and subsequent melting of the 5-ISMN is prohibited due to the 
association with the triacetyl-a-CD. 



5 Example 10. Release profile of 5-TSMN from triaretv1-»-rn : 5-TSMN nnH tri^tyi.p. 
CD:5-TSMN complexes. 

In order to determine the release profile of 5-ISMN from triacetyl-a-CD:5-ISMN and 
triacetyl-P-CD:5-ISMN complexes, the release behavior of 5-ISMN from the 
complexes in distilled water were investigated. Dissolution tests were carried out by 
1 0 adding samples at concentrations equivalent to 1 . 1 or 0.7 mg/mL 5-ISMN to distilled 
water. The media was stirred using a magnetic stirrer at approximately 120 r.p.m. at 
room temperature. At different time intervals, approximately 1 mL of sample was 
withdrawn, filtered through a membrane filter (0.2 urn), and the filtrates were 
immediately diluted two-fold with 2.5 mM Na 2 B 4 0 7 pH = 8.0 buffer solution and again 
1 5 by two-fold with methanol. The amount of dissolved 5-ISMN was determined by 

capillary electrophoresis. Representative data is shown in Table 7 and in Figure 1 1. As 
can be seen, the release profiles for the two complexes are different. In the case of the 
triacetyl-a-CD:5-ISMN complex, nearly all of the 5-ISMN is released in 30-60 
minutes. In the case of triacetyl-P-CD: 5-ISMN complex, greater than 2 h is required for 
the release of the 5-ISMN. The release rate difference between the two complexes is 
likely due to the cavity size difference of the CD derivatives and possibly, due to the 
hydrophobicity differences of the two CD derivatives. 
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Table 7. The release of 5-ISMN from their triacetyl complexes as a function of time. 





Dissolved ISMN, mg/mL 


Time 
(min) 


Triacetvl-R-CD-5-TSiMN 
(5.4 wt% 5-ISMN) 
12 mg/mL 


(5 4 wt% 5-ISMN"! 
20 mg/mL 


macetyi-p-^ij.^-ibMN 
20 mg/mL 


triacetyl-a-CD : 5-ISMN 

/C Q ,,,4-0/ C TCA/TMA 
{D.O Wt/o >JoMIN) 

20 mg/mL 


15 


0.1225 


0.2285 


0.0398 


0.8708 


30 


0.1867 


0.3583 


0.0914 


0.9843 


60 


0.2940 


0.5214 


0.2088 


1.0434 


120 


0.4127 


0.6820 


0.4578 


1.0944 


180 


0.4969 


0.8100 


0.5148 


1.0780 


240 


0.5926 


0.9274 


0.5881 


1.0747 


300 


0.6342 


0.9821 


0.6468 


1.0948 


330 


0.6610 


1.0015 






360 






0.6507 


1.0890 


1440 


0.7023 


1.0047 


0.6669 


0.9903 



Example 11. Preparation of triacetyl-q-CD:prostaglandin complexes. 

Triacetyl-a-CD (1.7 g) was dissolved in 12 mL of acetone using ultrasonication 
5 at room temperature. Three different complexes were prepared by adding prostaglandin 
(PGEj) at concentrations of 100 mg, 84 mg, or 35 mg PGEi dissolved in 3, 2, 1 mL of 
acetone, respectively, to the triacetyl-a-CD solutions. Clear, homogeneous solutions 
were obtained at 1 :3, 1 :5, and 1 :10 host: guest ratios. The solid complexes were 
obtained by evaporation of the acetone under reduced pressure. The complexes were 

10 dried to constant weight in the presence of P 2 0 5 . The resulting complexes are white 

powders. PGE] and PGAi decomposition contents of the complexes were measured by 
HPLC. For comparative purposes, a mechanical mixture was prepared by wetting 1.7 g 
of triacetyl-a-CD with 2 mL of ethanol containing 84 mg of dissolved PGEi. A 
suspension was obtained and the alcohol was evaporated under reduced pressure. In 

1 5 order to determine the thermal stability of the complexes, the samples were stored at 40 
°C for 2 months. Table 8 provides the PGEi and PGAi content for both the freshly 
prepared samples and for the aged samples. 
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Table 8. PGEi and PGAi content of freshly prepared complexes and after aging at 40 

°C for 2 months. 



Sample 


PGE, content (wt %) 


PGA, content (wt%) 




As Prepared 


Heat Treated 


As Prepared 


Heat Treated 


Complex 1:3 


5.42 


5.50 


0.018 


0.021 


Complex 1:5 


4.40 


4.27 


0.014 


0.037 


Complex 1:10 


234 


2.09 


0.009 


0.027 


Mixture 1:5 


4.50 


4.2 


0.024 


0.186 



This example demonstrates the preparation of triacetyl-a-CD complexes with 
5 prostaglandin. This example also demonstrates that thermal degradation of PGEi is 
retarded by complexation with triacetyl-a-CD. 

Example 12. Release profile of triacetyl-a-CD prostagla ndin complexes. 

Dissolution tests were carried out by adding samples of complexes equivalent to 
1 0 approximately 25, 50 or 100 |Ag/mL PGEi/mL to distilled water using magnetic stirring 
of approximately 120 rpm at room temperature. At different time intervals of stirring, 
approximately 0.5 mL of sample was withdrawn, filtered through a membrane filter 
(0.2 |j,m), and the filtrates were analyzed by HPLC for the determination of dissolved 
PGEi. Table 9 provides the percentage of PGEi released as a function of time. 

15 

Table 9. Release of PGEi from the triacetyl-a-CD complexes as a function of time. 





Dissolved PGE, (%) 


Time (min) 


complex 1:3 
1 mg/inL 


complex 1:3 
0.5 mg/mL 


complex 1 :5 
1 mg/mL 


complex 1:10 
1 mg/mL 


30 


25.3 


28.3 


58.5 


23.9 


60 


47.6 


43.0 


74.1 


50.4 


120 


66.2 


70.2 


88.8 


55.2 


180 


78.2 


78.6 




78.4 


240 


82.5 


81.6 


94.2 


81.0 


360 


83.7 


92.7 


95.6 


83.5 


1440 




99.6 
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This example demonstrates that a sustained release of PGE, can be achieved 
with these complexes and that greater than about 6 h is required for complete release of 
the PGE,. The release of PGE, from the mechanical mixture was much faster with all 
5 of the drug being released in 30-60 min. Although not part of this study, it is well 
known by those skilled in the art that complexes of the parent a-CD with PGE, are 
freely soluble in water and that the drug is released immediately upon dissolving in an 
aqueous medium. 

10 Rvam ple 13. P r oration of t riar.etvl-CD:fbmranre complexes. 

Three different processes were investigated for the preparation of these 
fragrance complexes. The precipitation method described below is part of the present 
invention. The other two methods are known in the art and are for comparative 



15 



20 



purposes. 



are i 



Precipitation method. In this procedure, the triacetyl-CD and the fragrances 
dissolved in a suitable solvent which dissolves both components to a similar extent. 
Acetone, methyl acetate, and ethyl acetate are particularly useful solvents for this 
purpose, as it dissolves both CDs and fragrances and at the same time does not act as a 
competitive guest for the triacetyl-CD cavity. Acetone is the particularly preferred 
solvent. An acetone solution of the fragrance and triacetyl-CD is stirred from about 0.5 
h to about 3 h at a temperature ranging from ambient to reflux. After stirring for the 
desired time and temperature, the reaction mixture is poured into water or a 
water/ground ice mixture with stirring. The triacetyl-CD: fragrance complex is 
25 precipitated from the solution. The white precipitate is filtered, washed with cold water, 
and dried in vacuo to a constant weight. The triacetyl-CD: fragrance formulations were 
found to have about 8-10% fragrance load values close to that of the expected fragrance 
content. Moreover, there were no significant alteration observed in the composition of 
the entrapped fragrances due to the complexation process. 
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For illustrative purposes, a more detailed process is provided as follows. To a 
100 mL double neck glass reactor was added 14.5 g of tnacetyl- P -CD and 1 5 mL of 
acetone. To the stirred triacetyl- P -CD solution, 1.5 g of vanilla fragrance was added 
drop-wise without any solvent. The common solution was steed at room temperature 
for 1 hour. The reaction mixture was then poured slowly into 700 mL of ground 
ice/water with intense stirring. The crystalline, white precipitate was stirred for 20 
minutes and then allowed to stand at 4 °C overnight. The product was isolated by 
filiation and dried to constant weight. Yield: 14.9 g solid tnacetyl-P-CD:vamlla 
formulation. 

Kneading Method (Comparative). In this type of complexation process, the 
liquid fragrance concentrates and solid triacetyl-CD are thoroughly rmxed in the 
presence of aqueous ethanol. Complexation results from intense kneading. Tins kind of 
mechanical actuation process has been recommended for complexation of solid or 
Hquid guests with parent cyclodextrins. (Furuta T. et al., Biosci. Biotech. Biochem. 
1994 58 847; Carli, F. et al., Chimica Oggi. 1987, 3, 61.) The following is 
representative of a typical procedure: Tnacetyl-CD (4.4 g) and about 0.6 gram of lemon 
or vanilla fragrance (these mass ratios refer to an approximately 1:1 mol/mol ratio) are 
intensively mixed at ambient temperature in a ceramic mortar together with 2.0 mL of 
ethanokwater (1 :1 by volume) mixture for about 10 minutes. After about 10 minutes, 
the thoroughly ground reaction mixture becomes a highly viscous paste. Continued 
mixing for about 20 minutes provides a less viscous paste which can be removed from 
the reaction vessel. After drying to constant weight, the sample is a hard, coarse solid. 
The sample can be ground to a powder and sieved to ensure homogeneous particle size. 
; The sieved product appears an easy to handle, free-flowing powder. This process was 
found to result in a product that had a lower than expected fragrance load of 1-2%, 
much less than the expected 8-10 % fragrance content. Gas chromatographic studies 
indicated an altered composition of fragrances in these triacetyl-CD formulations. 
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Cc-evaporation method (comparative,. A — solution of*, tnacetyl- 
CD and the fragrance is evaporated to dryness yt.lding a dry solid, with loss of the 
voiatiie fraction of the surface and complexed fragrance. The key issue in ,h,s 

solution" technology is to find the suitable co-solven, The solvents no ed 

high boiling point or acted as compete guests thus decreasing the extent of fr grance 

complexion. By ,h,s process, the load of fragrance that was obtatned was ah 0.5- 
, 0 % by weight Moreover, it was also found that this method yields an acetyl- 
CDAagrance formulation of an altered fragrance composmon. 

These three comparative methods show that the precipitation method of the 
present invention is the most efficient and preferred method for preparation of 
complexes involving triacetyl cyclodextrins. 

- .-ai^j- r^tinn of fr^r anre/iriacetvl-cnamiitees- 

Using the precipitation method described in example 13. complexes of macetyl- 
cCD and triaeety.-P-CD was prepared with vanilla and lemon oil. The fragrance 
content of the complexes was determined by gas chromatography (GC, Samp,s were 
prepared for GC by dtssolving the comp.exes in dichloromethane at 1 and 10 mg/mL 
2 „ oncentrations, respective*, before transferring 1 mL of the — — or 
vials A Shimadzu GC 17A Ver. 3 gas —graph w„h advanced flow controller, 
ecuipped with Spht/Splitless Injection Port Unit was used for the analysts. The earner 
g as was mtrogen a, a co,umn head-pressure of 65 kPa, and 20 cm/sec linear veloc, y. 

a tth. Fin detector The detector output was monitored 
Nitrogen make-up gas was used at the FID detector, in 

r-i.™ VP naia Handling Software. The column, 
25 with a DTK personal computer using Class VP Data Handling & 

SBB™-5 (30 m x 0.32 mm x 0.25 um), was purchased from Supelco. Split injection 
(20-D of 2 pi samples was performed automatical with AOC - 20 Auto Sampler 
using SGE 10R-S-0.63 syringe. For the !emon complexes, the oven temperature 
program was as follows: 50 -C for 1 min, increased to 200 -C at 30 "C/min and held for 
30 10 min. The temperature of injector and detector were 220 °C. For the vamlla 
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x- ii „o. aa °r for 1 min, increased to 

200 °C at 50 "C/min and held for 1 0 mm. k 

220 °C. Table 10 provides the fra E rance content of the complexes. 



+ + triaretvl-CD'.fragrance complexes. 
Table 10. The guest content of tnacetyi^^^__ 

■ f^^M^ 
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Sample 



triacetyl-a-CD .lemon 



triacetyl-p-CD .lemon 




• ^ o«.i rp^tricted guest-host interactions, 
related to cavity size and restricted gu 

, is Heatstabiiitvciit^^ 

EsampisAS^^ complexes, 
In order to determine the heat stammy d ; f f er ent 
ri nt 60 °C for 21 days. Samples were removed at different 
the complexes were stored at 60 C for y ^ 
time periods and analyzed by GC as described in example 14. The 

in Table 11. 
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Tab* H. Weigh, % of fragrance ,„ triace, y ,-CD:fragra„ce compos after storage a, 
60 °C. 



10 



15 



days 



triacetyl-P-CD/lemon 




This example demonstrates that these complexes are singly stable with 

EMnU3 i e O<^^ 

rn-frnrron^p implex composites, 

CMa ^^-^ descnbed in example 13, complexes 
P .CD were prepared w.th sandalwood and Douglas fir. Using the following genera, 
rocedure, thermop,as,ic «ms containmg ,0 w« of each complex 
omplex (3, g) coning approximate,, 10 wt% fragrance 

♦ ♦ - ? ^ were mixed together in a plastic bag. 1 he 
wt on and cellulose acetate (DS- 2.5) were iniAc & 

I^las .hen thermally compounded in a Rheometrics Mechanical Spectrometr y 
" 7c for approxtmately 5 mtnu.es. The resuUtng blend was ground to 5 
I 1 port 1 was pressed between two meta, plates a, 220 »C to produce clear, 

control samples, films contatning no , ri ace, y ,-p-C D and ftlms — 
CD wUhou, a bos, molecule were prepared in which the content of tb 
was Kept a, ,0 w, % . Figures 12 and ,3 prov,de TGA spec,raof ,nace^ ;P -CD , h^ce 
fragrance, and the ,nace, y ,- P -CD ; fragrance complex. As ..lustrated ,n F,gu« .2, .be 
".wood fragrance begtn ,o vo,a,i,,e a, appro— ,2 5 -C, .« of the 
sandalwood was los, at about ,66 °C, and a„ of the sa„da,wood was gone b y a ou, 2 0 
! C . ,n ,be caae of ,he complex, vo,a,ili Z a,ion of the sandalwood from , the com,,,, ; d,d 
25 no, begin un.i, abou, ,50 °C and vo,a,i,iza.,on was no, comp,e,e u„„, abou, 330 C. 
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■, u ,1 25 °C and volatilization was not complete until about 
u„„ about .25 C and of triace tv,-p-CD to form complexes 

complexes prov.de further and ^ 

with guest molecules such as fragrances and thetr amhty 
volatilization of volatile components. 

. . TrA „ectraofcelluloseacetate/diethylpl.thalatef,lms, 
Figure 14 provtdeTGA spectra , 0wt%oftriac e,yl-P-CD, and 

cellulose acetateMtethylphthalate ftlms contamtng :A ° 

about 75 »C and 27 5 C ^ wi(hou( ^ ^ ^ ^ „ y theory , te 

^ ab0 " " c 1 2 75 -C is due to volatiHzation of uncomplexed 
20 weight loss between 75 Cand2 due ,„ vo , atiteat ion of 

diethy.phthala.e while that between 275 C and 3 

acetate/diethy.phthalate films eontatmng 10 v. / ft J 

foms an .elusion complex wtth ^«^'~ p . CD .. sanda lwood 

inclusion complex (Fig He), a w g ^ ioss of 

^ j I-?'; °r which corresponds to loss 01 me na & 
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the e q uihbra ,ha, can result by incision of a «riace,yl-CD:gues, molecule comp, xm 
earn I polymer where ,he composition inCudes a third component that can also form 
I 1 -h - -cetyl-Cr, ,n this case, an mclusion comp.ex forms in s„u w„ 
dlthv.phthalate during men mixing which is in an apparent cerium w,th a tnacety- 
K-CDfragrance contpiex. This example demonstrates that inciusion complexes can be 

can form complexes with the triacetyl-CD, each component can impact the reiease of 
the other via a complex equilibra. 

Throughout this application, various publications are referenced. The 

into this application in order to more My describe the state of the at, to whtch th.s 

invention pertains. 

,, will be apparent to those skilled in the art that various modifications and 
variations can be made ,n the present invention without departing from the scope or 
spirit of the invention. Other embodtments of the invention w,U be apparent to those 
Ii„ed in the ar, from consideration of the specification and practice of the 
disclosed herein. .. is mtended that the specification and exampies be cons.dere d - 
, exemplary only, with a true scope and spirit of the invention being tndtcated by 
following claims. 



